WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCX 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification ^ 
FOIK 21/04 



Al 



(11) International Publication Number: WO 98/37314 

(43> International Publication Date: 27 August 1998 (27.08.98) 



(21) International Application Number: PCT/BG98/00004 

(22) International Filing Date: 10 February 1998 (10.02.98) 



(30) Priority Data: 
101245 
102176 



(71)(72) Applicants and Inventors: KOLEV, Nikolai Nikolaev 
[BG/BGJ; Gurguliat Street. 10. 1000 Sofia (BG). KOLEV, 
Dimitar Nikolaev (BG/BGl; Gurguliat Street, 10. 1000 Sofia 
(BG). FILIPOVA, Nastia Nikolaeva [BG/BG]; Gen.Danail 
Nikolaev Boulevard, B1.3, Entr.G. 1527 Sofia (BG). 



1 8 February 1 997 ( 1 8 .02.97) BG 
12 January 1998 (12.01.98) BG 



(81) Designated States: AL. AM. AT. AU. AZ. BA. BB. BR, BY. 
CA. CH. CN, CU. CZ. DE. DK. EE. ES. FI. GB. GE, GH. 
GM, GW, HU. ID. IL, IS. JT. KE, KG. KP. KR. KZ, LC. 
LK. LR. LS. LT. LU. LV. MD. MG. MK. MN. MW, MX, 
NO. NZ. PL. PT. RO. RU, SO. SE. SG. SI. SK. SL. TJ. TM. 
TR. TT. UA, UG. US. UZ. VN. YU. ZW. ARIPO patent 
(GH. GM. KE. LS. MW. SD, SZ. UG. ZW). Eurasian patent 
(AM. AZ. BY. KG. KZ. MD. RU. TJ. TM), European patent 
(AT. BE. CH. DE. DK. ES. Fl. FR. GB, GR, IE. IT, LU. 
MC, NL. PT. SE). OAPI patent (BF. BJ, CF. CG. CI. CM, 
GA, GN. ML. MR, NE, SN, TD. TG). 



PublLsbed 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: METHOD AND INSTALLATION WITH A GAS-STEAM TURBINE AND HEAT UTILIZATION 

11 




(57) Abstract 

The method and the installation are intended to increase the energetic efficiency of gas-steam turbine at a simultaneous reduction of 
nitric oxides concentration in the flue gases. The invention could be applied in energetics. A characteristic feature of the method is that 
the gas-steam turbine is divided into stages, each of them with a combustor. as overheated water steam is transferred to the first stage 
of the turbine. After the turbine, the gas-steam mixture is passed to a heat exchanger for heat utilisation and for obtaining water steam 
required. Afterwards, the heat is additionally utilised to heat district heating water in a countercurreni heat exchanger and in a system of 
contact economisers, where the water steam condenses. The condensate is purified chemically and. after evaporating and overheating the 
steam, is passed to the first combustor. Air is transferred in stoichiometric amounts to the combustors, without the last one to which it is 
transferred in a small surplus. The burning temperature in the last combustor is lower. This leads to a significant reduction of nitric oxides 
concentration in the flue gases at a high process energetic efficiency. The installation includes multistage gas-steam turbine (6), equipped 
with combustors (4), air compressor (2). combined heat exchanger (10) for heating the products entering the combustors, heat exchanger 
(31) for heating district healing water, contact economisers (15). connected to pump (16) and heat exchanger block (13). as well as a column 
for purifying the water condensate from carbon dioxide and oxygen, heat exchangers (22 and 25). block for chemical purification of water 
condensate (21), and pumps (20 and 28). 
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METHOD AND INSTALLATION WITH A GAS-STEAM TURBINE AND HEAT UTILIZATION 



Field of the Invention 

The invention relates to a method for heat utilization at buming of gaseous and 
liquid fuels for producing heat and mechanical energ>' and to an installation for its 
realization and will find an application mainly in energetic, especially in the production 
of electricity and heat energy for district heating purposes. 

Description o f the Prior Art 

A method [1] for heat utilization of burning of gaseous and liquid fuels is known 
wherein fuels are burnt under high pressures in a combuston as for the combustor, air 
and overheated water steam are also injected therein. The gas-steam mixture obtained is 
passed to the gas-steam turbine and then is cooled indirectly, thus its heat is used for 
obtaining overheated water steam that after (werheating is passed to the combustor of 
the gas-steam turbine. 

An installation [1] for realization of the method is known, that includes a gas- 
steam turbine, equipped with combustor, an air compressor and a boiler for obtaining 
overheated water steam connected to a pipe for injecting overheated water steam into 
the combustor. 

A drawback of tliis method and of the installation of its realization is that the 
efficiency of converting the heat of fuel burning into mechanical energy and heat is not 
high enough and a significant portion of the water of the water steam passed to the 
combustor of the gas-steam turbine is loosed in the atmosphere together with the flue 
gases at the boiler cnitlet. 

Technical Description 

The aim of the invention is to develop a method that allows to increase the 
conversion of the heat transferred to the gas-steam turbine into mechanical energy 
produced in the installation at simultaneous complete utilization of the whole amount of 
heat passed with the fuel. 

The invention is realized by a method for heat utilization of burning of gaseous 
and liquid fuels for producing mechanical and heat energy in an installation with a gas- 
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steam turbine. According this method, fuel burns under pressure in the combustor, as 
fuel, compressed air and water steam, mainly overheated, are passed to the combustor. 
The heated gas-steam mixture, after its passage through the gas-steam turbine, is cooled 
indirectly according to the countercurrent principle, wherein its heat is utilized for 
heating products entering the combustor. Characteristic feature of the method is that air 
and the fuel are passed for burning under pressure in one or more combustors of one or 
multistage gas-steam turbine. Water steam is passed mainly only to the first combustor 
working under highest pressure. To the other combustors, the gas-steam mixture, prc- 
treated in the previous stage of the gas-steam turbine, is passed for additional heating. 
The gas-steam mixture, additionally heated in a given combustor, is-f>assed to the next 
stage of the gas-steam turbine. The gas-steam mixture is cooled indirectly after the final 
stage of the turbine, mainly by countercurrent, whereupon products entering to one or 
more combust(^rs are heated. The primarily cooled gas-steam mixture is cooled 
additionally indirectly using countercurrent, mainly by means of preheated district 
healing water. Then, it is cooled additionally directly by countercurrent using not less 
than one circulating water flow heated by the gas-steam mixture, whereupon the water 
steam transferred to the first combustor as well as a part of the water steam produced 
during the fuel burning condense from the gas-steam mixture. After its final cooling the 
gas-steam mixture is thrown out into the atmosphere, whereas water condense is 
obtained. 

According to a variant of the method, the coefficient of surplus air in the 
combustors is from LOO to 1.50, mainly from 1.00 to MO, as the lowest coefficient of 
surplus air, equal to 1 is characteristic mainly for the combustors of the gas-steam turbine 
stages, without the final one, whereas the highest coefficient is peculiar to the combustor 
of the final stage. The coefficient of surplus air is determined regarding the fuel passed 
totally to the whole combustors. The ratio of starting to final pressure in the stages of the 
gas-steam turbine varies from 1.3 to 20.0, mainly from 1.6 to 5.0 At the final stage it 
varies from 5 to 150, mainly from 10 to 30. 

According to a second variant of the method, the gas-steam mixture, leaving the 
gas-steam turbine, indirectly heats a chemically purified water condensate, which is 
heated and evaporated Tlie steam obtained is overheated, then entering the first 
combustor. The chemically purified water condensate is obtained treating the water 
condense, removed during direct heating of the gas-steam mixture, by countercurrent 
using water steam which heats it additionally and takes the dissolved oxygen and carbon 
dioxide away from the condensate. TTie gas-steam mixture obtained is mixed with the 
gas-steam mixture coming from the gas-steam turbine, mainly immediately after its last 
indirect cooling. The water condensate, free of carbon dioxide and oxygen, is cooled in 
series and indirectly, initially by means of chemically purified water and afterwards using 
cold water and then it is purified chemically from the traces of ions contained, thus 
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obtaining chemically purified water. Afterwards a portion of this water, obtained from 
the water condensate during the condensation of water steam, obtained at the fuel 
burning in the combustor, is removed from the system. The remaining chemically purified 
water is heated indirectly by water condensate, free of carbon dioxide and oxj'gen, and is 
passed for indirect heating, evaporation and overheating of the obtained water steam 

ur»iiig me iiem me grt.>-.>it<mi miAiLiie leaving me ^a^-.'Meaiii lUiuine. 

According to a third variant of the method, the gas-sieam mixture, leaving the gas- 
steam turbine, in addition to chemically purified water which is evaporated as the 
obtained water steam is overheated, heats also compressed air as the products obtained 
after heating are passed to the corresponding combustors of the gas-steam turbine. 

According lo a fourth variant of the method, when regarding the heat balance, the 
heat of the gas-steam mixture is not sufficient to heat the products entering the 
combustors, additional heat, obtained during the fuel burning in a boiler, is added. 

Aeev^iciiiig IV/ ci mm vciiiciiii kh tiie iiic^mvivi, evjiu^^i v^i <lii iv;i ecieti SiUgcu 

gas-Steam turbine is achieved in a N 1 staged compressor wherein N 1 is higher or equal to 
N. At the inlet of the all stages of the compressor, without the first one, air is coi^led, 
mainly indirectly, mainly by means of district heating water. Air required for fuel burning 
in the combustors is removed after each of the final N stages of the compressor, 
whereupon the ratio of the outlet pressure at a given compressor stage, without the stage 
before air entering the first combustor, to the inlet pressure at the given stage varies from 
1.3 to 20.0, mainly from 1.6 to 5.0 as at the final stage, after which air enters the first 
combust\/r, this ratio varies from 5 to 150, mainly from ID to 30. 

According to a sixth variant of the method, compressing (^f air required for 
burning is achieved in two compressors, mainly multistage. The number of stages of the 
second compressor is equal to the number of combustors. The number of stages of the 
first compressor is lower by one Air enters the first stage under atmospheric pressure, 
whereas air after each stage of the first compressor is divided into two pans, afterwards 
the first one is cooled, mainly by means of district heating water, and is passed to the 
next stage of the first compressi)r. The other part is passed to the next, according its 
number, stage of the second compressor, as for example, after the first stage of the first 
compressor to the second stage of the second compresst^r. Air in the first stage of the 
second compressor is passed under atmospheric pressure. Air from the all stages of the 
second compressor enters the corresponding, according to pressure, combustors. Thus, 
the ratio of the outlet pressure at a given stage of the first compressor to the inlet 
pressure at this stage varies from 1.3 to 20, mainly from 1.6 to 5.0. For the second 
compressor this ratio is respectively from 5 to 150, mainly from 10 to 30. 

According to a seventh variant of the method, in each compressor stage, without 
the last one, air is compressed at more than one substages. At each substagc the ratio of 
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inlet to outlet pressure is mainly equal for each substages. After each substage, air is 
cooled mainly by means of district heating water. 

According to an eighth variant of the method, each of the water streams cooling 
directly, in series, by countercurrent, previously indirectly cooled gas-steam mixture 
transfer their heat indirectly to another water stream, mainly district heating water. This 
is achieved according to the countercurrent principle. According to a ninth variant of the 
method, the water streams, without the last of them, that cool directly in series, by 
countercurrent, a previously indirectly cooled gas-steam nuxtme transfer their heat 
indirectly to another water stream, mainly district heating water_ according to the 
countercurrent principle. The last water stream transfers, by direct countercurrent, its 
heat to air, entering for compressing to a compressor, thus humidifying it. Afterwards, 
the circulating water stream is passed back again to take away the heat of the gas-steam 
mixture. Tne method is applied by an installation with a gas-steam turbine for heat 
utilization of burning of gaseous and liquid fuels for prodiicing mechanical and heat 
energy. The installation includes a gas-steam turbine and connected to its shaft a 
mechanical load, mainly an electricgenerator, as the gas-steam turbine is connected by 
means of a gas pipe for a gas-steam mixture to a heat exchanger for heat utilization from 
the gas-steam turbine for producing overheated water steam, as the gas-steam turbine is 
also connected to a combustor, which is connected to a fuel passing pipe, as it is 
connected also to a compressor by a compressed air pipe. The installation includes also 
a system for water steam condensation. A characteristic feature of the installation is that 
the gas-steam turbine is divided into N stages, each of them including one combustor. 
The space at the outlet of a given stage, without the last one, is connected by an 
intermediate gas pipe for a gas-steam mixture to the combustor at the following stage of 
the gas-steam turbine. \On the other hand, it is connected by means of a gas pipe for an 
additionally heated gas-steam nuxture to its corresponding stage of the gas-steam 
turbine. Each combustor is also connected to a pipe for fuel passage and to a compressed 
air gas pipe. The gas-steam turbine is also connected by the first gas-steam mixture pipe 
to a heat exchanger for heat utilization from the gas-steam turbine for producing 
overheated water steam. Tliis gas pipe is connected also by a second gas-steam mixture 
pipe to a countercurrent heat exchanger, mainly using ribbed pipes, as the last one is 
connected by a third gas-steam mixture pipe to the first contact economizer at the water 
steam condensation system. This system includes one or more, connected in series along 
the path of the gas-steam mixture, contact economisers. Furthermore, each contact 
economiser is countercurrent and contains packing and a liquid phase distributor and is 
connected at its bottom part by means of a first pipe for heated circulating water to a 
pump. This pump is connected by a second pipe for heated circulating water to a heat 
exchanger block, mainly countercurrent. This heat exchanger block is connected by the 
cooled circulation water pipe to the liquid phase distributor of the contact economiser. 
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and is also connected to a pipe for passing heated liquid, mainly district heating water, as 
well as to a pipe for passing the heated liquid. This pipe at the first, on the gas-steam 
mixture path, contact economiser is connected to a countercurrent heat exchanger that is 
connected also to a pipe for passing heated district heating water, whereas Tlie second 
pipe for hot circulating water of the same first contact economiser that connects the 
pump to the heat exchanger block is connected also to a pipe for removing water 
condensate from the water steam condensing system. The final, on the gas-steam mixture 
path, contact economiser is also connected to the atmosphere by means of a gas pipe. 
The heat exchanger for the gas-steam mixture heat utilization after the gas-steam turbine, 
for obtaining overheated water steam is also connected by the steam-pipe for overheated 
water steam to the first combustor. 

According to a variant of the installation, the condensate removing pipe is divided 
into two parts, between which a regulating valve is connected in order to regulate the 
level of water condensate at the first, on the gas-steam mixture path, contact 
economiser. This pipe is also connected to the liquid phase distributor of a column for 
desorption of carbon dioxide and oxygen, mainly constructed as a packed column. This 
column by means of connected in series a first pipe for water condensate, a pump, and a 
second pipe for water condensate is connected to a heat exchanger for cooling water 
condensate by purified water condensate. This heat exchanger, on the other hand, by 
means of a third pipe for water condensate is connected to a heat exchanger for cooling 
water condensate by cooling water that by means of a fourth pipe for water condensate is 
connected to a block for chemical purification of water condensate. Furthermore, the 
heat exchanger for cooling water condensate by cooling water is also connected to a pipe 
for passing cooling water and to a pipe for removing heated cooling water. The block for 
chemical purification of water condensate is connected also by means of a first pipe for 
chemically purified water to the heat exchanger for cooling water condensate by 
chemically purified water. To the first pipe for chemically purified water, there are in 
series comiected a first pipe for removing chemically purified water from the system, a 
regulating valve for regulation of the liquid level in the column for desorption of carbon 
dioxide and oxygen, and a second pipe for removing chemically purified water from the 
system. The heat exchanger for cooling water condensate by chemically purified water is 
also connected by means of the second pipe for chemically purified water to not less than 
one pump for increasing pressure of chemically purified water. This pump is connected 
also by a third pipe fc^r chemically purified water to the heat exchanger for the gas-steam 
mixture heat utilization after the gas-steam turbine, for producing overheated water 
steam. This heat exchanger is connected by an water steam pipe to the colunan for 
desorption of carbon dioxide and oxygen. The column, on the other hand, is connected 
by means of a gas-steam mixture pipe to the gas-steam pipe after the countercurrent heat 
exchanger. 
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According to a second variant of the installation, the compresst>r is divided into 
Nl stages, from the First to Nl, as the number of stages NI is higher or equal to the 
number N of stages of the gas-steam turbine. The inlet of the first stage of the 
compressor is connected by means of a gas pipe for air under atmospheric pressure that 
is connected mainly to the atmosphere. The inlets of all other stages are connected by 
pipes for cooled air to heat exchangers for intermediate air cooling, mainly by means of 
district heating water. Each of these heat exchangers is connected by an air pipe for 
heated compressed air to the previous stage of the compressor. The last N air pipes for 
heated compressed air are connected also by means of second air pipes for heated 
compressed air. These air pipes are connected in a reverse order to the. com bust ors of the 
gas-steam turbine. 

According to a third variant of the installation, the second air pipes for heated 
compressed air, or a part of them, connecting the stages t>f the compressor to the 
corresponding combustors, before their connection to the combustors are divided into 
two parts. Heaters are included between them that are positioned in the combined heat 
exchanger for the gas-steam mixture heat utilization after the gas-steam turbine. 

According to a fourth variant of the installation, the compressor consists of two 
separate compressors, a first and a second, mainly connected on a joint shaft with the 
gas-steam turbine. Each of them is divided into stages, as the number of the stages of the 
.second compressor is N, which is equal to the number of the .stages of ga.s-steam turbine. 
This number is by one more than that for the first compressor, where the stages are N-1. 
The inlets of the first stages of the compressors are comiected by means of air pipes 
under atmospheric pressure. The outlet of each M stage of the first compressor is 
connected by means of an air pipe for compressed air to a corresponding intermediate 
heat exchanger that, on the t>ther hand, is connected also by a pipe for cooled 
compressed air to M-i- first stage of the second compressor. The outlet of all 
intermediate heat exchangers, without that at the last stage of first compressor, is 
connected also by means of a second pipe for cooled compressed air to the inlet of M+ 
first stage of first compressor. The outlets of all stages of the second compressor are 
connected by pipes for compressed air to the corresponding combustors of the gas-steam 
turbine in a reverse order. All intermediate heat exchangers are cooled mainly by district 
heating water. 

According to a fifth variant of the installation, each stage of the compressor, 
respectively all stages of the first compressor at the variant with two compressor, is 
divided into two or more substages Ml, where Ml is mainly two. The outlet of each 
substage, without the last, is connected in series by means of a pipe for hot air to a 
second heat exchanger for cooling, whereas it is cormected to the next substage of the 
compressor. Moreover, the cooling fluid for the heat exchanger is mainly district heating 
water. 
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According to a sixth variant of the installation, in case when regarding the heat 
balance the heat of the gas-steam mixture at the inlet of the heat exchanger for the gas- 
steam mixture heat utilization after the gas-steam turbine is not sufficient to heat the 
products heated in it before their entering the combustors, the installation includes also a 
boiler, wherein additional fuel is burnt. In this case, the pipe for transferring steam from 
the heat exchanger, for the gas-steam mixture heat utilization after the gas-steam turbine, 
to the first combustor passes through the boiler before its entering the combuston 
whereas the pipe for transferring steam to the column for removing carbon dioxide and 
oxygen from the water condensate is also connected to the boiler. r 

According to a seventh variant of the installation, a ventilatories connected to the 
gas pipe for removing the gas-steam mixture from the contact economiser. 

The advantage of the invention is that it allows to increase the conversion of heat 
transferred to the gas-steam turbine into produced by the installation mechanical energy 
at a simultaneous complete utilization of the whole remaining amount of heat passed 
with the fuel, mainly for district heating purposes. 

This advantage is a result of dividing the gas-steam turbine into stages with 
intermediate heating of the gas-steam mixture, in a manner providing its throttling down 
at high temperatures. The way of air compressing allows the compressor to spend a 
relatively low amount of energy produced by the gas-steam turbine, that allows its 
operating at higher pressures. Thus, the heat transferred for obtaining water steam is 
converted more completely into mechanical energy. The cooling of the heat exchangers 
by district heating water allows them, in fact, to work as thermo-pumps. This fact 
together with the condensation of water obtained during the fuel burning allow to 
increase the amount of heat energy obtained in the installation. 

An additional advantage of the invention is that it guarantees a reduction of the 
final nitric oxides concentration in the gas-steam mixture after the gas-steam turbine. 
This advantage offers a possibility to carry out the process in all combustors, without the 
last one, with no air surplus, resulting in no production of nitric oxides in these 
combustors. The amount of carbon oxide obtained in these combustors is burnt in the 
last combustor of the gas-steam turbine, wherein due to the lower temperature of burning 
nitric oxides arc practically not formed. 

An additional advantage of the invention is that in the case of its application one 
can increase the ratio of mechanical energy, obtained at the shaft of the electricgenerator 
to the heat transferred to the combustors, that is previously passed through a heat 
exchanger wall. This fact allows to reduce the required heat transfer surface area. This 
advantage is related to the technological scheme of the compressor and, first of all, to its 
dividing into two parts, thus providing lower expenditure of mechanical energy for 
operating the compressor at high air temperatures at its outlet. 
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Brief Description of the Drawings 
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Tlie invention is hereinafter described with reference to the accompanying 
drawings in which: 

Fig. 1 is a principle technological scheme of the installation with a gas-steam 
turbine in which the compressor block consists of one compressor; 

Fig. 2 is a principle technoU)gical scheme of the compressor block, with a gas- 
steam turbine, according to a variant of the invention in which the compressor is divided 
into two compressors; 

Fig. 3 is a principle technological scheme of the compressor in_which the stages of 
the first compressor are divided into substages with an intermediate air cooling between 
them; 

Fig. 4 is a scheme showing the including an additional boiler to the installation. 

Examples 

According to an example of an embodiment of the invention, the installation in 
accordance with Fig. 1 includes compressor 2 for air required for the burning and gas- 
steam turbine 6 that is divided into N stages. The internal efficiency of both the gas- 
steam turbine and the compressors is 85 %. There are combustors 4, respectively 4; 
4",.-.,4^, at each stage. The space at the outlet of a given stage, without the last one, is 
connected by an intermediate gas pipe for a gas-steam mixture to combustor 4 at the 
following stage of gas-steam turbine 6. On the other hand, it is connected by means of a 
gas pipe for an additionally heated gas-steam mixture to its corresponding stage of gas- 
steam turbine 6. Each combustor 4 is also connected to pipe 5, respectively 5 ', 5",...,5'^, 
for fuel passage and to compressed air gas pipe 32, respectively 32; 32",...,32''. The gas- 
steam turbine 6 is connected by first gas-steam mixture pipe to heat exchanger 10 for 
heat utilization from the gas-steam turbine for producing overheated water steam. Tliis 
gas pipe is connected also by second gas-steam mixture pipe to countercurrent heat 
exchanger 31, mainly using ribbed pipes. The last one is connected by third gas-steam 
mbcture pipe to first contact economiser at the water steam condensation system. This 
system includes one or more, connected in series along the path of the gas-steam mbcture, 
contact economisers 15. Each contact economiser 15 is countercurrent and contains 
packing and a liquid phase distributor and is connected at its bottom part by means of 
first pipe for heated circulating water to pump 16. On the other hand, the pump is 
connected by second pipe for heated circulating water to heat exchanger block 13, This 
heat exchanger block is connected by the cooled circulation water pipe to the liquid 
phase distributor of contact economiser 15. It is also connected to pipe 14 for passing 
heated liquid, mainly district heating water, as well as to pipe 17 for passing the heated 
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liquid. The pipe 17 at the first, on the gas-steam mixture path, contact economiser 15 is 
comiected to countercurrent heat exchanger 31 that is connected to pipe 11 for passing 
heated district heating water. The second pipe for hot circulating water of the same first 
contact economiser 15 that connects pump 16 to heat exchanger block 13 is connected 
also to pipe 33 for removing water condensate from the water steam condensing system. 
The final, on the gas-steam mixture path, contact economiser 15 is also connected to the 
atmosphere by means of gas pipe 12. 

According to a variant of tliis example, when regarding the heat balance the heat 
of the gas-steam mixture after the gas-steam turbine is not sufficient to heat the products 
passed for heating to heat exchanger 10 for gas-steam heat utilization after the gas-steam 
turbine, this heat exchanger is also connected by means of a pipe to boiler 35 in 
accordance with Fig. 4. It is also connected by means of overheated steam pipe 9 to first 
combustor 4\ Condensate removing pipe 33 is divided into twc^ parts, between which 
regulating valve 18 is mounted to regulate the water condensate level in the first, on the 
gas-steam mixture path, contact economiser 15. This pipe is also connected to the liquid 
phase distributor of column 19 for desorption of carbon dioxide and oxygen, mainly 
constructed as a packed bed column. Column 19 is connected by connecting, in series, 
first pipe for water condensate, pump 20, and second pipe for water condensate to heat 
exchanger 22 for cooling water condensate by chemically purified water. The last one by 
means of a third pipe for water condensate is connected to heat exchanger 25 for cooling 
water condensate by cooling water. Heat exchanger 25 by means of fourth pipe for water 
condensate is connected to block 21 for chemical purification of water condensate. This 
heat exchanger is also connected to pipe 23 for passing cooling water and to pipe 24 for 
removing heated cooling water. Block 21 for chemical purification of water condensate is 
connected also by means of first pipe for chemically purified water to heat exchanger 22 
for cooling water condensate by chemically purified water. To the first pipe for 
chemically purified water, in series, there are connected first pipe for removing 
chemically purified water from the system, regulating valve 26 for regulation of the liquid 
level in column 19 for desorption of carbon dioxide and oxygen, and second pipe 27 for 
removing chemically purified water from the system. Heat exchanger 22 for cooling water 
condensate by chemically purified water is also connected by means of second pipe for 
chemically purified water to not less than one pump 28 for increasing pressure of 
chemically purified water. This pump is connected also by third pipe for chemically 
purified water to heat exchanger 10 for the gas-steam mixture heat utilization after gas- 
steam turbine 6. Boiler 35 is connected by means of pipe 30 to column 19 for desorption 
of carbon dioxide and oxygen. This column is also connected by means of gas-steam 
mixture pipe 29 to the gas-steam mixture pipe after countercurrent heat exchanger 31. 

Compressor 2 is divided into Nl stages, respectively from first to NL The first 
stage is connected by means of gas pipe 1 to the atmosphere. There are gas pipes for 
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heated compressed air at the outlet of each stage, as to each pipe, without the last one, 
heat exchangers 3, respectively 3*, 3", 3^^ ', are connected for intermediate air cooling, 
mainly using district heating water. Each of heat exchangers 3 is connected by means of a 
pipe for cooled air to the next stage of compressor 2. The last N gas pipes for heated 
compressed air are connected also by second gas pipes for heated compressed air 32, 
respectively 32', 32",...,32'^, as these gas pipes are connected in a reverse order to 
combustors 4 of gas-steam turbine 6. All second gas pipes for heated compressed air 32 
connecting the stages of compressor 2 to corresponding combustors 4, before their 
connecting to the combustors are divided into two parts, between which heaters are 
mounted that are located in heat exchanger 10 for the gas-steam mixture heat utilization 
after the gas-steam turbine. 

The installation operates in the following manner. Overheated water steam at a 
temperature thk is passed from boiler 35 to first combustor 4'. Natural gas is transferred 
to each of the combustors as its total amount is Gch4 kgmol per one kgmol water steam. 
The amount of natural gas is dosed in such a way that the gas-steam mixture temperature 
after the combustor is nJ. Compressed air, in amount corresponding to the coefficient of 
surplus air equal to Alfa, is passed from compressor 2 to the combustors. Before its 
passing to combustors 4 of gas-steam turbine 6, air is heated to temperature ihk in 
heaters, located in heat exchanger 10 for gas-steam mixture heat utilization after gas- 
steam turbine 6. Tlie pressure in First combustor 4' is equal to P. The values of the 
parameters according to the above mentioned denotations as well as those given below 
are presented in Table 1 for 19 separate numerical cases of the example. The fuel 
transferred to first combustor 4' is burnt in air, thus additionaly overheating the water 
steam added to the combustor. The ratio of outlet to inlet pressure for each compressor 
stage is one and the same for all stages and is equal to the ratio of inlet to outlet pressure 
for all stages of gas-steam turbine, without the last one. The outlet pressure is 
approximately equal to the atmospheric pressure. After reducing the pressure in the first 
stage of the gas-steam-turbine, the gas-steam mixture enters the combustor at its next 
stage. Here, the passed fuel burn burns in air, thus heating the added gas-steam mixture. 
The same is repeated for each following stage of the gas-steam turbine. After the last 
stage of the turbine, he outlet temperature is it41. At this temperature the gas-.steam 
mbcture enters heat exchanger 10 for flue gases heat utilization. Chemically purified 
water is also passed to the heat exchanger where it is heated to the boiling temperature, 
and then is evapt>rated and overheated to temperature thk. Air entering combustors 4 is 
heated in the same heat exchanger to the same temperature ibk. If the heat carried by 
the gas-steam mixture is not sufficient to obtain and overheat water steam and to heat air 
additional heat transferred to boiler 35 is used for heating. The overheated water steam 
from heat exchanger 10 and boiler 35 enters combustor 4'. The air heated in heat 
exchanger 10 is distributed between all combustors 4. The gas-steam mixture from heat 
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exchanger 10 enters for additional cooling count ercurrent heat exchanger 31 for 
additional heating of previously heated district heating water. The temperature of the 
gas-steam mixture after heat exchanger 31 is 100 ""C At this temperature it enters contact 
economisers 15, where at the outlet of the last, on the gas path, contact economiser it is 
ccwled to a temperature of 50 ^'C. At this temperature it is thrown out to the atmosphere 
through gas pipe 12. The cooling of the gas-steam mixture in contact economisers 15 is 
done during its scrubbing with circulating water transferred from the bottom of the 
apparatus by means of pump 16. The circulating water cooled in heat exchanger blocks 
13 is passed again to the liquid phase distributors of contact economisers 15. Cooling of 
the heat exchangers is done by district heating water that in all numerical cases of the 
example is at initial temperature of 45 *'C. The operation takes place according to the 
countercurrent principle. After the last of the heat exchanger blocks 13, the circulating 
water is heated to 71-85 ""C and is overheated to 80-90 ""C in heat exchanger 31. At this 
temperature it is removed from the system through pipe 1 1 for heated district heating 
water. The main portion of the water steam carried by the gas-steam mixture condenses 
in contact economisers 15, as in addition to the water steam transferred to combustor 4', 
additional water steam condenses in quantity equal to 0.4 kg per each kg natural gas 
passed to combustors 4 of the gas-steam turbine 6. The condensate obtained is removed 
through regulating valve 18 and is passed to column 19, where it is treated by water 
steam, transferred through pipe 30 from boiler 35. Approximately 99,9 % of oxygen as 
well as approximately 99.9 % of carb<^n dioxide contained in the water condensate are 
removed in the colunm. These substances together with the water steam surplus that is 
about 1 kg per ton of water condensate are added to the gas-steam mixture before its 
entering the first on the gas-steam mixture path contact economisers 15. The water 
condensate free of carbon dioxide and oxygen is cooled in heat exchangers 22 and 25 to 
a temperature of 30 ""C, after which enters the block for chemical purification of water 
condensate 21. Here, it is finally purified from ions and leaves the block as chemically 
purified water. Portion of it, in a quantity of 0.4 kg per each kg of natural gas burnt in 
combustors 4 of gas-steam turbine 6 is removed from the installation through regulating 
valve 26 and pipe 27, The remaining chemically purified water enters heat exchanger 22 
for cooling water condensate, and is heated to a temperature of 95-100 ""C. Then, it 
enters heat exchanger 10 for gas-steam mixture heat utilization after gas-steam turbine 6, 
for heating, evaporating, and overheating of the steam obtained. After obtaining 
additional quantity of heat in boiler 35, it in the form of overheated water steam is 
passed to first combustor 4\ 

Air, required for fuel burning is injected from the atmosphere in the first stage of 
compressor 2. The coefficient of surplus air, Alfa, for this case is equal for all combustors. 
After each stage, without the last one, air is cooled in heat exchangers 3, respectively 3*, 
3",...,3'^* ^ The cooled air after all heat exchangers from 3' to 3^*'\ respectively is passed 
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to the next in order stages of the compressor. The air cooled in the other heat exchangers 
is divided into two parts, one is passed to the next stage of the compressor, and the other, 
after its heating in heat exchanger 10 enters the corresponding combustor 4. Air from the 
last compressor stage enters totally to the corresponding combustor after heating it in 
heat exchanger 10. 

The following parameters are also presented in Table 1: 

-Dkpdo- efficiency of the installation, determined on the base of lower operating 
heat of methane and the whole amount of heat obtained by the water steam in boiler 35. 

-Dkpdl- the ratio of energy used for air compressing to the whole amount of 
energy obtained in gas-steam turbine 6. — 

-Dkpd2- the ratio of energy transferred to the shaft of the electricgenerator to 
energy transferred through the heat exchange surface area of combined heat exchanger 
10 and boiler 35. It is assumed that water from which water steam is obtained is initially 
heated to 120 X in the system with contact economisers and in the prior part of 
combined heal exchanger 10, consisting of ribbed pipes. At the point where the 
condensate is heated to 120 ""C the gas-steam mixture in combined heat exchanger 10 is 
cooled to 180 "C. 

Dkpd3- energy passed with the fuel to the combustor related to the sum of energy 
passed with the fuel to the combustors of the gas-steam mixture and the heat transferred 
for overheating the water steam in boiler 35, 

Table 1 



Numeri- 


N 


Nl 


Gch4 


Alfa 


P 


tt3 tbk 


tt41 


Dpko 


Dpkl Dpk2 

% % 


Dpk3 

% 


cal cases 










bar 


C 


cy 


a 


% 


1 


1 


4 


0,0708 


1,1 


15 


1200 


550 


648 


31,23 


34,79 42,08 


66,26 


2 


I 


4 


0,0710 


1,1 


20 


1200 


550 


603 


31,76 


36,23 44,45 


64,21 




2 


4 


0,0974 


M 


20 


1200 


550 


719 


47,15 


14,79 70,78 


78.38. 


4 


4 


4 


0,1627 


1,1 


20 


1200 


550 


1014 


47,52 


10,55 83,93 


UK) 


5 


1 


4 


0,0710 


1,1 


50 


12(X) 


550 


475 


32,05 


41,09 49,43 


58,94 


6 


2 


4 


0, 1048 


1,1 


50 


1200 


550 


604 


50,91 


16,80 87,21 


74,04 


7 


4 


4 


0, 1929 


1,1 


50 


1200 


550 


961 


53,79 


11,36 110,1 


100 


8 


3 


5 


0,1396 


1,1 


60 


12(K) 


550 


656 


55,33 


17,30 107,5 


82,5 


9 


3 


6 


0,1288 


1,1 


60 


1200 


550 


601 


51,8 


20,92 98,45 


77,97 


10 


4 


6 


0,1632 


1,1 


60 


1200 


550 


719 


57,01 


16,93 114,0 


89,26 


11 


2 


5 


0,1019 


1,1 


80 


12(K) 


550 


520 


47,90 


22,96 85,32 


69,00 


12 


3 


5 


0,1379 


1,1 


80 


12(K) 


550 


657 


55,26 


17,23 106,1 


81,86 


13 


4 


6 


0,1613 


1,1 


80 


12(X) 


550 


769 


56,95 


16,84 112,6 


88,65 


14 


4 


6 


0,1522 


1,1 


80 


12(X) 


600 


721 


56,70 


16,40 106,2 


85,50 


15 


4 


5 


0, 1832 


1,1 


80 


1200 


550 


800 


60,19 


16,40 122,0 


97,60 


16 


4 


4 


0,2166 


M 


150 


1200 


550 


974 


55,5 


12,62 129,0 


100,0 


17 


5 


5 


0,2379 


1,1 


150 


I2(K) 


550 


982 


52,9 


13,12 128,0 


100,0 


18 


5 


7 


0,1875 


1,1 


150 


1200 


550 


975 


58,13 


16,59 121,2 


95,85 


19 


5 


6 


0,2081 


1,1 


150 


1200 


550 


856 


58,24 


14,73 126,4 


100,0 
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According to a second example, that is also presented in Fig. I and Fig. 2, 
compressor 2 consists of two separate compressors 2 and T as shown in Fig. Z The 
compressors are connected on a joint shaft to gas-steam turbine 6, Each of them is 
divided into stages, as the number of the stages of the second compressor T is N. This 
number is by one more than those of the first compressor 2, where they are N-1 and it is 
equal to the number of the stages of gas-steam turbine 6. The inlets of the first stages of 
the compressors are connected by means of air pipes 1 and 1 ' to the atmosphere. The 
outlet of each M stage of the first compressor 2 is connected by means of an air pipe for 
compressed air to a corresponding intermediate heat exchanger This exchanger is 
connected also by a pipe for cooled compressed air to the M4- fir^t stage of second 
compressor 2'. The outlet of all intermediate heat exchangers 3, respectively 3', 3",...,3^ 
is connected also by means of a second pipe for cooled compressed air to the inlet of 
M-h first stage of first compressor 2 if it exists. The outlets of all stages of second 
compressor 2' are connected by pipes for compressed air 32, respectively 32', 32",..-,32\ 
to corresponding combustors 4 of gas-steam turbine 6 in a reverse order, as all 
intermediate heat exchangers 3 are cooled mainly by district heating water. According to 
a variant of this example, each stage of compressor 2 is divided into M l substages. The 
outlet of each substage, without the last, is connected by means of a pipe for hot air to 
heat exchanger 34, respectively 34; 34'\....34'^^^ for cooling. This heat exchanger is 
comiected to the next substage of compressor 2. The cooling fluid for heat exchangers 
(34) is district heating water. 

TTie installation operates in the following manner. Overheated water steam is 
passed from heat exchanger 10 for gas-steam mixture heat utilization after the gas-steam 
turbine, or from boiler 35, when the heat of gas-steam mixture is not sufficient to obtain 
overheated water steam, to first combustor 4\ The temperature of steam is ibk. Natural 
gas is transferred to each of the combustors as its total amount is Cich4 kgmol per one 
kgmol water steam. The amount of natural gas is dosed in such a way that the gas-steam 
mixture temperature after the combustor is U3, Compressed air, in amount corresponding 
to the coefficient of surplus air equal to Alfa for all combustors, is passed from 
compressor 2' to the combustors. The pressure in first combustor 4' is equal to /^ and in 
the last one to PI. 

Air, required for fuel burning is passed through air pipes 1 and 1 ' from the 
atmosphere to the first stages of compressor 2 and compressor 2\ After all stages of 
compressor 2, without the last, air is divided into two parts. One of them after its cooling 
in corresponding heat exchanger 3 is passed to the next stage of compressor 2, and the 
other enters the corresponding stage of compressor 2\ Air from the last stage of 
compressor 2, after its cooling, enters totally the last stage of compressor 2 \ Thus, the air 
from the first stage of compressor 2 enters the second stage of compressor 1\ etc. The air 
compressed in the separate stages of compressor 2' enters the corresponding combustors. 
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namely, from the first stage of compressor 2' to Nth combustor, from the second stage of 
compressor 2' to N-i,..., and from the Nth to the first combustor. According to the 
variant of the example, wherein each stage of compressor 2 is divided into M I substages, 
from all substages of compressor 2, without the last substages, the air is removed and 
cooled in heat exchangers 34, respectively 34*, 34",...,34'^'\ and then is passed to the next 
substage. All remaining operational details of the installation are the same as those for 
the first example. 

The values of the parameters for the above mentioned denotations for 23 separate 
numerical cases of this example are presented in Table 2. The values not specified in this 
example are the same as those for the first example. - 

Table 2 



Humeri- N Ml Gch4 Alfa P PI tt3 tbk tt4l 

cal cases bar bar C C C" 



Dpko Dpkl Dpk2 Dpk3 



% 



% 



% 



J 




1 0,0644 


JJ 


15 


- 1200 


550 


645 


41,5 


20,07 


179 


69,37 


2 




I 0,0459 


IJ 


15 


- 1100 


550 


584 


38,1 


18,44 


212 


57,36 


3 




1 0,0364 


lA 


15 


- 10(X) 


550 


521 


34,9 


16,4 


226 


45,73 


4 




1 0,0620 


1,1 


20 


- 1200 


550 


574 


42,6 


21,07 


171 


65,67 


5 




1 0,0644 


Ul 


50 


- 1200 


550 


476 


44,8 


24,55 


157 


56,35 


6 . 




1 0,0515 


l,i 


80 


- 12{X) 


550 


421 


45,2 


26,63 


153 


52,79 


7 




1 0,1713 


1,1 


150 


- 1200 


550 


355 


45,6 


30,12 


151 


49,36 


8 


2- 


1 0,1418 


1,1 


150 


15 12(K) 


550 


627 


55,6 


26,23 


78 


93,32 


9 


2 


2 0,1389 


1,1 


150 


15 12(K) 


550 


628 


56,5 


25,63 


78,1 


92,81 


10 




2 0,1571 


1,1 


150 


15 1200 


550 


625 


58,8 


26,03 


68,4 


95,66 


11 


4 


2 0,1570 


1,1 


150 


15 12(X) 


550 


624 


59,7 


26,65 


64,6 


96,86 


12 


5 


2 0,1713 


1,1 


150 


15 1200 


550 


623 


60 9 


26,87 


62,5 


9Z81 


13 


4 


1 0,1873 


1,1 


200 


15 12(K) 


550 


622 


60 1 


27,76 


57,5 


100,0 


14 


3 


2 0,1873 


1,1 


200 


15 12(H) 


550 


622 


60 7 


27,31 


58,05 


99,68 


15 


2 


1 0,1691 


1,1 


300 


15 1200 


550 


618 


56,0 


29,22 


60,45 


99,48 


16 


4 


1 0,2171 


1,1 


300 


15 12(K) 


550 


619 


58,7 


28,90 


48,75 


1(K),0 


17 


4 


2 0,2130 


1,1 


3(K) 


15 12(K) 


550 


619 


59,9 


28,36 


49,10 


100,0 


18 


6 


1 0,2045 


1,1 


3(K) 


20 1200 


550 


574 


60,5 


30,03 


49,48 


98,54 


19 


6 


2 0,2008 


1,1 


3(K) 


20 12(K) 


550 


574 


60,5 


30,03 


49,85 


98,51 


20 


6 


I 0,1828 


1,0 


300 


20 1200 


550 


580 


61,1 


27,63 


53,67 


96,50 


21 


6 


1 0,2583 


1,2 


300 


20 1200 


550 


577 


58,08 


29,42 


41,00 


99,05 


22 


6 


1 0,1754 


1,1 


300 


20 1100 


550 


523 


57,14 


28,46 


57,40 


92,78 


23 


6 


2 0,2107 


1,1 


300 


20 1200 


600 


579 


60,12 


28,15 


50,50 


97,09 
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1. Method for heat utilization of burning of gaseous and liquid fuels for producing 
mechanical and heat energy in an installation with a gas-steam turbine wherein fuel 
burns under pressure in the combustor as fuel, compressed air and water steam, mainly 
overheated, are passed to the combustor as the heated gas-steam mixture, passed through 
the gas-steam turbine, is then cooled indirectly according to the countercurrent principle, 
wherein its heat is utilised for heating products entering the combustor, characterised by 
passing air and fuel for burning under pressure in one or more combustors of one or 
multistage gas-steam turbine wherein water steam is passed mainly, only to the first 
combustor working under highest pressure whereas to the other combustors the gas- 
steam mixture, pre-treated in the previous stage of the gas-steam turbine, is passed for 
additional heating, thereafter the gas-steam mbcture, additionally heated in a given 
combustor, is passed to the corresponding stage of the gas-steam turbine, as the gas- 
steam mixture is cooled indirectly after the final stage of the turbine, mainly by 
countercurrent, whereupon products entering to one or more combustors are heated as 
the primarily cooled gas-steam mixture is cooled additionally indirectly using 
countercurrent, mainly by means of preheated district heating water and thereafter it is 
cooled additionally directly by countercurrent using not less than one circulating water 
flow heated by the gas-steam mixture, whereupon the water steam transferred to the first 
combustor as well as a part of the water steam produced during the fuel burning 
condense from the gas-steam mixture wliich after its final cooling is thrown out into the 
atmosphere whereas water condensate is obtained. 

2. Method, according to Claim I, characterised by a coefficient of surplus air in 
the combustors from 1.00 to 1.50, mainly from 1.00 to 1. 10, as the lowest coefficient of 
surplus air, equal to 1 is characteristic mainly for the combustors of the gas-steam turbine 
stages, without the final one, whereas the highest coefficient is peculiar to the combustor 
of the final stage, thus the ratio of starting to final pressure in the stages of the gas-steam 
turbine varies from 1.3 to 20.0, mainly from 1.6 to 5.0, as at the final stage it varies from 
5 to 150, mainly from 10 to 30. 

3. Method, according to Claims I and 2, characterised by the fact that the gas- 
steam mixture, leaving the gas-steam turbine, heats a chemically purified water 
condensate, which is heated and evaporated, whereas the steam obtained is overheated, 
then entering the first comhustor, as the chemically purified water condensate is obtained 
treating the water condensate, removed during direct heating of the gas-steam mixture, 
by countercurrent using water steam which heats it additionally and takes the dissolved 
oxygen and carbon dioxide away from the condensate, as the gas-steam mixture obtained 
is mixed with the gas-steam mixture coming from the gas-steam turbine, mainly 
immediately after its last indirect cooling, whereas the water condensate, free of carbon 
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dioxide and oxygen, is cooled in series and indirectly, initially by means of chemically 
purified water and afterwards using cold water, then it is purified chemically from the 
traces of ions contained, thus obtaining chemically purified water, afterwards a portion of 
this water, obtained from the water condensate during the condensation of water steam, 
obtained at the fuel burning in the combustor, is removed from the system, whereas the 
remaining chemically purified water is heated indirectly by water condensate, free of 
carbon dioxide and oxygen, and is passed for indirect heating, evaporation and 
overheating of the obtained water steam using the heat of the gas-steam mixture leaving 
the gas-steam turbine. 

4. Method, according to Claim 3, characterised by the fact 4hat the gas-steam 
mixture, leaving the gas-steam turbine, in addition to chemically purified water which is 
evaporated as the obtained water steam is overheated, heats also compressed air as the 
products obtained after heating are passed to the corresponding combustors of the gas- 
steam turbine. 

5. Method, according to Claims 3 and 4, characterised by the fact that when 
regarding the heat balance the heat of the gas-steam mixture is not sufficient to heat the 
products entering the combustors, additional heat, obtained during the fuel burning in a 
boiler, is passed. 

6. Method, according to Claims 3 and 5, characterised by the fact that 
compressing of air for each N staged gas-steam turbine is achieved in a Nl staged 
compressor wherein N 1 is higher or equal to N, as at the inlet of the all stages of the 
compressor, without the first one, air is cooled, mainly indirectly, mainly by means of 
district heating water, w^hereas air required for fuel burning in the combustors is removed 

pressure at a given compressor stage, without the stage before air entering the first 
combustor, to the inlet pressure at the given stage varies from 1.3 to 20.0, mainly from 
1.6 to 5.0 as at the final stage, after which air enters the first combustor, this ratio varies 
from 5 to 150, mainly from 10 to 30. 

7. Method, according to Claims 3 and 5, characterised by the fact that 
compressing of air required for burning is achieved in two compressors, mainly 
multistage, as the number of stages of the second compressor is equal to the number of 
combustors, whereas the number of stages of the first compressor is lower by one, as air 
enters the first stage under atmospheric pressure, whereas air after each stage of the first 
compressor is divided into two parts, afterwards the first one is cooled, mainly by means 
of district heating water, and is passed to the next stage of the first compressor, whereas 
the other part is passed to the next, according its number, stage of the second 
compressor, as for example, after the first stage of the first compressor to the second 
stage of the second compressor, as air in the first stage of the second compressor is 
passed under atmospheric pressure, whereas air from the all stages of the second 
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compressor enters the corresponding, according to pressure, combustors, whereupon the 
ratio of the outlet pressure at a given stage of the first compressor to the inlet pressure at 
this stage varies from 1.3 to 20, mainly from 1.6 to 5.0, v^hereas for the second 
compressor this ratio is respectively from 5 to 150, mainly from 10 to 30. 

8. Method, according to Claim 6, characterised by the fact that in each compressor 
stage, without the last one, air is compressed at more than one substages, whereupon at 
each substage the ratio of inlet to outlet pressure is mainly equal for each substages, as 
after each substage air is cooled, mainly by means of district heating water. 

9. Method, according to Claim 7, characterised by the fact that in each stage of 
the first compressor air is compressed at more than one substages as at each substage the 
ratio of inlet to outlet pressure is mainly equal for each substages, as after each substage 
air is cooled, mainly using district heating water. 

10. Method, according to Claims 6 and 7, characterised by the fact that each of 
the water streams cooling directly, in series, by ccnmtercurreni, previously indirectly 
cooled gas-steam mixture transfer their heat indirectly to another water stream, mainly 
district heating water following the countercurrent principle. 

1 1. Method, according to Claims 6 and 7, characterised by the fact that the water 
streams, without the last of them, that cool directly in series, by countercurrent, a 
previously indirectly cooled gas-steam mixture transfer their heat indirectly to another 
water stream, mainly district heating water according to the countercurrent principle, as 
the last water stream transfers, by direct countercurrent, its heat to air, entering for 
compressing to a compressor, thus humidifying it, afterwards the circulating water stream 
is passed back again to take away the heat of the gas-steam mixture. 

12. An installation with a gas-steam turbine for heal utilization of burning of 
gaseous and liquid fuels for producing mechanical and heat energy including a gas-steam 
turbine and connected to its shaft a mechanical load, mainly electricgenerator, as the gas- 
steam turbine is connected by means of a gas pipe for a gas-steam mixture to a heat 
exchanger for heat utilization from the gas-steam turbine for producing overheated water 
steam, as the gas-steam turbine is also connected to a combustor, which is connected to a 
fuel passing pipe, as it is connected also to a compressor by a compressed air pipe, 
whereas the installation includes also a system for water steam condensation, 
characterised by the fact that the gas-steam turbine (6) is divided into N stages, each of 
them including one combustor (4), respectively (4*, 4",...,4^), whereas the space at the 
outlet of a given stage, without the last one, is connected by an intermediate gas pipe for 
a gas-steam mixture to combustor (4) at the following stage of gas-steam turbine (6) that 
is connected by means of a gas pipe for an additionally heated gas-steam mixture to its 
corresponding stage of gas-steam turbine (6), as each combustor (4) is also connected to 
pipe (5), respectively (5', 5",. ..,5^), for fuel passage and to compressed air gas pipe (32), 
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respectively (32 , 32",...,32^), as these gas pipes are connected in a reverse order to 
combustors (4) of gas-steam turbine (6), namely (32') to (4"^), (32") to (4^ ». and (32^) 
to (4*), whereas gas-steam turbine (6) is connected by first gas-steam mixture pipe to heat 
exchanger ( 10) for heat utilization from the gas-steam turbine for producing overheated 
water steam, as this gas pipe is connected also by second gas-steam mixture pipe to 
countercurrent heat exchanger (31), mainly using pipes with ribs, as the last one is 
connected by third gas-steam mixture pipe to first contact economiser at the water steam 
condensation system that includes one or more, connected in series along the path of the 
gas-steam mbcture, contact economisers ( 15), in addition, each contact economiser ( 15) is 
countercurrent and contains packing and a liquid phase distributor and is connected at its 
bottom part by means of first pipe for heated circulating water to pump (16) that is 
connected by second pipe for heated circulating water to heat exchanger block (13), 
mainly countercurrent, as heat exchanger block (13) is connected by the cooled 
circulation water pipe to the liquid phase distributor of contact economiser (15), and is 
also connected to pipe ( 14) for passing heated liquid, mainly district heating water, as 
well as to pipe ( 17) for passing the heated liquid, as this pipe (17) at the first, on the gas- 
steam mixture path, contact economiser (15) is connected to countercurrent heat 
exchanger (31) that is connected to pipe (11) for passing heated district heating water, 
whereas second pipe for hot circulating water of the same first contact economiser (15) 
that connects pump (16) to heat exchanger block (13) is connected also to pipe (33) for 
removing water condensate from the water steam condensing system, as the final, on the 
gas-steam mixture path, contact economiser (15) is also connected to the atmosphere by 
means of gas pipe (12), as heat exchanger (10) for heat utilization of the gas-steam 
mixture after the gas-steam turbine (6) is also connected by steam pipe (9) for 
overheated water steam to combustor (4 ). 

13. An installation, according Claim 12, characterised by the fact that the 
condensate removing pipe (33) is divided into two parts, between which regulating valve 
(18) is connected to regulate the level of water condensate at the first, on the gas-steam 
mixture path, contact economiser (15) and is also connected to a liquid phase distributor 
of column (19) for desorption of carbon dioxide and oxygen, mainly constructed as a 
packed column that by connected in series first pipe for water condensate, pump (20), 
and second pipe for water condensate is connected to heat exchanger (22) for cooling 
water condensate by purified water condensate, as the later by third pipe for water 
condensate is connected to heat exchanger (25) for cooling water condensate by cooling 
water that by means of fourth pipe for water condensate is connected to block (21) for 
chemical purification of water condensate, as heat exchanger (25) for cooling water 
condensate by cooling water is also connected to pipe (23) for passing cooling water and 
to pipe (24) for removing heated cooling water, whereas block (21) for chemical 
purification of water condensate is connected also by means of first pipe for chemically 
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purified water to heat exchanger (22) for cooling water condensate hy chemically 
purified water, as to the first pipe for chemically purified water, in series there are 
connected first pipe for removing chemically purified water from the system, regulating 
valve (26) for regulation of the hquid level in column (19) for desorption of carbon 
dioxide and oxygen, and second pipe (27) for removing chemically purified water from 
the system, whereas heat exchanger (22) for cooling water condensate by chemically 
purified water is also connected by means of second pipe for chemically purified water to 
not less than one pump (28) for increasing pressure of chemically purified water that is 
connected also by third pipe for chemically purified water to heat exchanger ( 10) for the 
gas-steam mixture heat utilization after gas-steam turbine (6), as heat-exchanger (10) for 
the gas-steam mixture heat utilization after gas-steam turbine (6) is connected by pipe 
(30) to column (19) for desorption of carbon dioxide and oxygen, that is connected by 
means of gas-steam mixture pipe (29) to the gas-steam pipe after countercurrent heat 
exchanger (31 ). 

14. An installation, according to Claims 12 and 13, characterised by the fact that 
compressor (2) is divided into N I stages, as N I is higher or equal to the number of stages 
of the gas-steam turbine, as the inlet of the first stage of compressor (2) is connected by 
means of gas pipe (1) for air under atmospheric pressure, connected mainly to the 
atmosphere, whereas the inlets of all other stages are connected by pipes for cooled air 
to heat exchangers (3), respectively (3\ 3",...,3^ '), for intermediate air cooling, mainly by 
means of district heating water, as each of heat exchangers (3) is connected by an air 
pipe for heated compressed air to the previous stage of compressor (2), as the last N air 
pipes for heated compressed air are connected also by means of second air pipes for 
heated compressed air (32), respectively (32', 32",...,32'^), as these air pipes are 
connected in a reverse order to combustors (4) of gas-steam turbine (6). 

15. An installation, according to Claim 14, characterised by the fact that the 
second air pipes for heated compressed air (32), respectively (32\...,32^), or a part of 
them, connecting the stages of compressor (2) to the corresponding combustors (4), 
before their connection to the combustors are divided into two parts, as heaters are 
included between them, positioned in heat exchanger (10) for the gas-steam mixture heat 
utilization after the gas-steam turbine. 

16. An installation, according to Claims 12 and 13, characterised by the fact that 
compressor (2) consists of two separate compressors (2) and (2 ), mainly connected on a 
joint shaft with gas-steam turbine (6), as each of them is divided into stages, as the 
number of the stages of the second compressor (2 ) is N, one more than those of the first 
compressor (2), where they are N- 1 and it is equal to the number of the stages of gas- 
steam turbine (6), as the inlets of the first stages of the compressors are connected by 
means of air pipes (1) and (1 ) under atmospheric pressure, whereas the outlet of each M 
stage of the first compressor (2) is connected by means of an air pipe for compressed air 
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to a corresponding intermediate heat exchanger (3^% that is connected also by a pipe for 
cooled compressed air to M+ first stage of second compressor (2'), as the outlets of all 
intermediate heat exchangers (3), respectively (3', 3",...,3^ *), without that at the last stage 
of first compressor (2), is connected also by means of a second pipe for cooled 
compressed air to the inlet of M+ first stage of first compressor (2), whereas the outlets 
of all stages of the second compresst^r (2 ) are connected by pipes for compressed air 
(32), respectively (32; 32'\...,32^), to corresponding combustors (4) of gas-steam turbine 
(6) in a reverse order, as all intermediate heat exchangers (3) are cooled mainly by 
district heating water. 

17. An installation, according to Claims 14 and 16, characterised by the fact that 
each stage of compressor (2) is divided into two or more substages Ml, where Ml is 
mainly two, as the outlet of each substage, without the last, is connected in series by 
means of a pipe for hot air to heat exchanger (34), respectively (34 \ 34",...,34'^^ *) for 
cooling, whereas it is connected to the next substage of compressor (2), as the cooling 
fluid for heat exchanger (34) is mainly district heating water. 

18. An installation, according to Claim 13, characterised by the fact that in case 
when regarding the heat balance the heat of the gas-steam mixture at the inlet of heat 
exchanger (10) for the gas-steam mixture heat utilization after gas-steam turbine (6) is 
not sufficient to heat the products heated in it before their entering the combustors, 
includes also boiler (35), wherein additional fuel is burnt, as in this case pipe (9) for 
transferring steam from heat exchanger (10) to combustor (4*) passes through boiler (35) 
before its entering combustor (4'), whereas pipe (30) for transferring steam to column 
(19) is also connected to boiler (35). 
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